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Introduction {#sec001}
============

The World Health Organization \[[@pone.0172859.ref001]\] defined health literacy as the cognitive and social skills that determine the motivation and ability of individuals to gain access to, understand, and use information in ways that promote and maintain good health. The important effects of an adequate level of health literacy on the disease management process have been observed in various studies \[[@pone.0172859.ref002]--[@pone.0172859.ref004]\] and drew the attention of health professionals towards successful care for people with chronic disease.

Several nationwide health literacy surveys have reported moderate to high prevalence of low health literacy (LHL) among adults, which is bound to result in healthcare problems \[[@pone.0172859.ref005]--[@pone.0172859.ref006]\]. Many reports have highlighted that low health literacy is associated with poor communication between patients and healthcare providers and with poor health outcomes, including increased hospitalization rates \[[@pone.0172859.ref007]\], poor medication adherence \[[@pone.0172859.ref004]\], and low effective self-care behavior \[[@pone.0172859.ref002]\]. The landmark report of the Institute of Medicine (IOM) \[[@pone.0172859.ref008]\] explicitly recommends that health professionals receive training in tailed patient education programs and in communicating effectively with patients with limited health literacy. Health education efforts could enhance people's health literacy, thereby encouraging health-promoting behaviors \[[@pone.0172859.ref009]\].

Unfortunately, previous studies on health professionals have revealed insufficient knowledge of health literacy and misunderstanding of the contributions of health literacy towards patient health outcomes \[[@pone.0172859.ref010]\]. Health professionals' limited ability to improve patients' health literacy skills may affect patients' capacity to better understand their illnesses and instructions on how to manage their health conditions \[[@pone.0172859.ref011]\].

Identification of key health literacy competencies among health professionals is fundamental for continued professional education. The education-based framework of a validated instrument could allow us to develop curricular interventions aimed at improving patients' capacity for health literacy directly related to important self-care outcomes \[[@pone.0172859.ref012]\]. However, previous studies have yielded disappointing findings relating to health professionals' health literacy knowledge or skills; these include the inability to correctly identify patients with LHL \[[@pone.0172859.ref013]\], lack of awareness of issues related to health literacy, including the impact of inadequate health literacy on patient care \[[@pone.0172859.ref014]\], no knowledge of health literacy resources, misconception of health literacy measurement, and discordance in the estimation of patients' literacy levels \[[@pone.0172859.ref015]\].

There were differences in the self-reported use of various health literacy-oriented communication techniques among physicians, nurses, and pharmacists \[[@pone.0172859.ref016]\]. To date, the majority of measurements of health literacy competences have targeted physicians' communication skills \[[@pone.0172859.ref017]\], with minimal emphasis on other core abilities related to the delivery of an educational program for other health professionals \[[@pone.0172859.ref018]\]. The first consensus study conducted by Coleman identified a comprehensive set of health literacy practices and measurable educational competencies (i.e., knowledge, skills, and attitudes) among students and health professionals. Further work is required to determine the suitability of all 94 items, and educational research is required to validate competencies in health literacy practice and to determine which should be taught, which healthcare professionals should receive training, which settings should be used, and which teaching methods should be adopted to improve patient-centered outcomes \[[@pone.0172859.ref012]\].

Conceptualizations of health literacy competence have been developed from the perspective of researchers, health professionals, and literacy experts, and using face-to face interviews with patients. These suggest that the categories of competencies in health literacy or other health communication constructs (e.g., cross-cultural communication, general interviewing skills, written communication, and shared decision making) are incomplete \[[@pone.0172859.ref012]\]. A scientific process for selecting suitable recommendations to include or exclude in the instrument to assess health professionals' health literacy competencies is a crucial foundation for ensuring instrument validity. Thus, this paper describes the psychometric testing of the IOHLC, due to the importance of incorporating health literacy skills into healthcare providers' education practices, as proclaimed by the WHO \[[@pone.0172859.ref019]\].

Materials and methods {#sec002}
=====================

Participants {#sec003}
------------

This study formed part of a larger study aiming to develop an online competence module of health literacy for health professionals. In the current study, we report on the results of instrument development, which was conducted between May 2012 and January 2013. We invited three private Medical Centers in northern Taiwan and three private regional hospitals in southern Taiwan to participate in this study. Participants included non-physician healthcare professionals, case managers, health educators, dietitians, and pharmacists who had been working for at least six months. Participants who were expected to leave within a month were excluded from this study.

Procedures {#sec004}
----------

A convenience sample of 812 healthcare professionals completed self-administered online questionnaires. Information packets were distributed by hospital officials at selected sites to potential participants. The packets contained an information sheet, an informed consent form, and a reply envelope addressed to the primary investigator. Participants who agreed to participate in the study and returned the written inform consent forms received a link to the online questionnaires on the e-mail addresses that they provided. Completion of the online questionnaires took approximately 15--20 minutes. Online questionnaires were built into a learning platform and participants were required to use their e-mail addresses and date of birth to set the log-in profile. On this basis, we could ensure that participants personally responded to the questionnaire. Permission to conduct the study was obtained from the Institutional Review Board at Chang Gung Memorial Hospital (no: 100-4569B, approval date: 2012.3.16).

Measure {#sec005}
-------

A comprehensive set of measurable competencies of health literacy was established by using a modified Delphi technique with a panel of 24 experts who had experience in providing training on health literacy patient education \[[@pone.0172859.ref020]\]. Twenty-four experts (12 academic scholars in health literacy and 12 professionals with training related to health literacy practice) were invited to participate in the second to fourth rounds of data collection in the Delphi study. Moreover, consent forms were sent to the experts and returned to us prior to the commencement of our study.

The knowledge domain comprises 27 true/false items (12 were knowledge-specific items and 15 were related to attributes of patients with LHL). An incorrect answer for each item is assigned a score of 0 and a correct answer is assigned a score of 1. Three of the items (K1, K2, and A9) are reverse-worded and reverse-scored. The total score ranges from 0 to 27. Higher scores indicate higher levels of health literacy knowledge.

The skills domain consisted of 65 items related to health literacy practice. Respondents were required to indicate the level of agreement with items such as, "Being able to use plain language, instead of medical jargon." A five-point Likert-scale was used for items in this domain, ranging from highly disagree (1) to highly agree (5). Higher scores indicated better health literacy skills.

The demographic data obtained from respondents included age, education level, occupational role at the clinic, years of experience in medicine/health care, and having ever heard of the term "health literacy." We recruited 20 nurses for participation in the pilot survey before the investigation.

Statistical analysis {#sec006}
--------------------

### Item response theory (IRT) analysis {#sec007}

Rasch analysis was used to assess the psychometric properties of the knowledge domain using the Andrich rating scale model \[[@pone.0172859.ref021]\] with Winsteps software (version 3.74.0) \[[@pone.0172859.ref022]\]. Two values are used throughout the analysis: logit measures and fit statistics. The logit (or log-odds units) is the natural logarithm of the odds of a participant succeeding at carrying out a specific task. Conventionally, 0 logit is ascribed to mean item difficulty. Moreover, the chi-square statistics for individual items' (*p* \> .05) difficulty and response ability (between +2.0 logits and -2.0 logits) were used as the determination criteria for the selection of items.

### Exploratory factor analysis (calibration sample) {#sec008}

The validity of 65 items of the skills domain was established through exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). The EFA and CFA were performed through use of a calibration sample and a validation sample, respectively. A total of 736 participants were equally divided into two subsamples, using the SPSS random case selection procedure (Version 15.0; SPSS Inc., Chicago, IL). The random selection procedures in SPSS were repeatedly performed until the homogeneity of baseline characteristics (e.g., education level, professional position, and tenure) among groups was warranted (*p* \> .5). The first sample, termed the "calibration sample," was used to explore the factor structure. In contrast, the second sample, termed the "validation sample," was used to validate the factor structure constructed through the calibration sample.

With the calibration sample, principal component EFA was performed on the 65 items to extract the major contributing factors, and Varimax rotation was used to recognize relationships between items and common factors. The number of factors was decided upon, based on the eigenvalue-greater-than-1 rule. Factor loadings greater than 0.50 were regarded as significantly relevant and items with cross-loadings greater than 0.50 were deleted \[[@pone.0172859.ref023]\]. All item deletions were conducted one by one and the EFA model was re-specified following each deletion. The internal consistency of each construct was determined through Cronbach's alpha; a value of 0.70 or higher was considered acceptable \[[@pone.0172859.ref024]\].

### CFA (validation sample) {#sec009}

The validation sample was used to validate and modify the factor structure of the health literacy scale under development when the model did not fit the data. In the process of model modification, items that correlated too highly with others were deleted by examining the modification index (MI) of the additional specification of error covariance. A larger MI (e.g., \>50) between two items indicated that those two items measured the same thing, thus necessitating deletion of one of the items, according to the parsimony principle \[[@pone.0172859.ref025]\]. The CFA model is to be modified until most of the model fit indices meet the criteria.

The goodness fit of the model was assessed using absolute fit indices, relative fit indices, and parsimony fit indices \[[@pone.0172859.ref023]\]. The absolute fit indices included the goodness of fit index (GFI), adjusted GFI index (AGFI), standardized root mean squared residual (SRMR), and the root mean square error of approximation (RMSEA). The relative fit indices were assessed through the normed fit index (NFI), non-normed fit index (NNFI), and the comparative fit index (CFI). Finally, the parsimony fit indices were determined using the parsimony normed fit index (PNFI), parsimony comparative fit index (PCFI), and the likelihood-ratio (χ2/df) \[[@pone.0172859.ref026]\].

The convergent validity of the items and factor structures was determined through standardized factor loading (values of 0.50 or higher were considered acceptable) and average variance extraction (AVE) (values of 0.50 or higher indicated acceptable) \[[@pone.0172859.ref023]\]. Convergent reliability was assessed through construct reliability (CR; values of .70 or higher were considered acceptable). The AVE and correlation matrices among the latent constructs were used to establish discriminant validity. The square root of the AVE of each construct was required to be higher than the correlation coefficient of that construct and other constructs \[[@pone.0172859.ref027]\].

Results {#sec010}
=======

Participant characteristics {#sec011}
---------------------------

Among the 746 surveys returned from 6 hospitals, during analysis, we included 736 (99%) participants who had complete and valid data for all variables. All participants in this study were female. [Table 1](#pone.0172859.t001){ref-type="table"} describes the demographic characteristics of the study sample. The participants' mean age was 30.71 ± 6.65 years (range = 20--60 years), with an average of 6.94 ± 6.25 years working in medicine/health care. The majority of participants (28.4%) had 1--3 years' working experience, followed by those with 10--15 years' (21.9%) experience. Participants' professional roles at the hospital were registered nurse (78.5%), nurse practitioner (11.4%), dietician (4.5%), case manager (2.7%), health educator (2.4%), and health manager (0.5%) In total, 57.7% had a university education and 62.8% had never heard of the term, health literacy (see [Table 1](#pone.0172859.t001){ref-type="table"}).

10.1371/journal.pone.0172859.t001

###### Demographic Data for all Participants (*N* = 736).

![](pone.0172859.t001){#pone.0172859.t001g}

  Variables                                                 *N*           \%
  --------------------------------------------------------- ------------- -------------
  Age (range: 20--60 years old)                             *M* = 30.71   SD = 6.65
      20--29                                                360           48.9
      30--39                                                290           39.4
      40--49                                                66            9.0
      50--59                                                19            2.6
      ≥60                                                   1             0.1
  Years working in medicine/health care (6 m to 36 years)   *M* = 6.94    *SD* = 6.25
      \<1                                                   37            5.0
      1--3                                                  208           28.4
      4--6                                                  157           21.4
      7--9                                                  102           13.7
      10--15                                                161           21.9
      \>15                                                  71            9.6
  Role at clinic                                                          
      Registered nurse                                      578           78.5
      Nurse practitioner                                    84            11.4
      Health educator                                       17            2.4
      Case manager                                          20            2.7
      Dietician                                             33            4.5
      Health manager                                        4             0.5
  Education                                                               
      Graduate school                                       24            3.3
      University                                            425           57.7
      College                                               274           37.2
      Nursing high school                                   13            1.8
  Having heard of health literacy                                         
      Yes                                                   274           37.2
      No                                                    462           62.8

### IRT calibration for 27 items of the knowledge domain {#sec012}

In the IRT analysis of the 27 items of the knowledge domain, 16 misfit items identified because of Rasch misfit statistics and measurement redundancy (*p* \< .05) were deleted from the final questionnaire (see [Table 2](#pone.0172859.t002){ref-type="table"}).

10.1371/journal.pone.0172859.t002

###### Results of the Goodness-of-Fit Statistics for Knowledge Domain in the Rasch Model.

![](pone.0172859.t002){#pone.0172859.t002g}

                                                                                                                                    Difficulty   Item goodness-of-fit   \% of correct   
  --------------------------------------------------------------------------------------------------------------------------------- ------------ ---------------------- --------------- -------
  K1.Health literacy refers only to a person's ability to read. (false)                                                             1.60         146.27                 \< .001         12.9%
  K2.Adequate health literacy is the ability to read, understand, and process health information. (false)                           -2.85        10.48                  .313            96.8%
  K3.Those with low health literacy have poorer health outcomes relative to those with sufficient health literacy. (false)          **-2.22**    **21.09**              **.012**        93.4%
  K4.Age is a risk factor that decreases health literacy. (true)                                                                    -0.35        16.10                  .065            60.2%
  K5.Patients with high educational levels may present with low health literacy. (true)                                             0.42         17.32                  .054            37.6%
  K6.Limited health literacy can produce barriers to clear, effective communication. (true)                                         -0.84        20.36                  .016            73.1%
  K7. Using an appropriate tool is the best way to assess health literacy and identify patients with low health literacy. (false)   -1.64        13.02                  .162            37.6%
  K8.People with low health literacy need extra medical support and therefore have higher healthcare costs. (true)                  0.05         16.66                  .054            48.5%
  K9.Health education materials should be written at or below a seventh-grade reading level. (true)                                 -1.54        4.85                   .847            86.3%
  K10.Health literacy could affect physician-patient communication. (true)                                                          -2.21        7.11                   .626            93.3%
  K11.Individuals with high educational levels also need an easy method of learning complicated health information. (true)          -2.23        6.89                   .001            89.9%
  K12.The general rule is to write consent documents at a seventh-grade reading level. (true)                                       -1.11        7.12                   .001            90.2%
  Patients with low health literacy .....                                                                                                                                               
  A1. will say, "I can do this, there is no need to teach me" to cover up for their lack of understanding (true).                   -0.68        9.29                   .411            69.2%
  A2. will repeat the same questions. (true)                                                                                        -0.27        27.07                  .001            58.0%
  A3. will not tell you if they cannot read. (true)                                                                                 -1.67        16.40                  .059            88.0%
  A4. are more likely to misinterpret medication instructions provided on prescription labels. (true)                               -0.24        41.57                  \< .001         57.2%
  A5. will easily misunderstand prescription instructions. (true)                                                                   -0.40        21.83                  .009            61.6%
  A6. cannot understand medication indications. (true)                                                                              -0.68        48.29                  \< .001         69.3%
  A7. will often bring family members along when talking to healthcare professionals. (true)                                        -0.72        68.69                  \< .001         70.1%
  A8. will make excuses to avoid reading health information materials when given material to read. (true)                           -0.30        19.52                  .021            58.7%
  A9. often complain about their medicine. (false)                                                                                  -0.29        50.27                  \< .001         58.5%
  A10.only seek assistance when symptoms worsen. (true)                                                                             -0.25        49.17                  \< .001         57.5%
  A11.cannot understand medical forms and are therefore unable to complete them accurately. (true)                                  -1.11        22.81                  .007            79.1%
  A12.are likely to put a lot of folded paper in their pockets or wallets. (true)                                                   -0.95        68.23                  \< .001         75.7%
  A13.do not make necessary appointments or attend follow up. (true)                                                                -0.08        22.83                  .007            52.5%
  A14.may be likely to pose few questions to professionals. (true)                                                                  -0.56        82.80                  \< .001         66.1%
  A15.cannot talk about how to take medicine. (true)                                                                                -0.45        25.18                  .003            63.1%

*Note*. Discrimination = 1.19

The estimated item difficulty for retained items ranged from -2.00 logits (least difficult) to +2.64 logits (most difficult). Among the remaining nine items, seven were knowledge items (K2, K4, K5, K7, K8, K9, and K10) and two were LHL items (A1 and A3). The rate of correct answers for each item ranged from 37.6% to 96.8%.

### EFA results for the calibration sample {#sec013}

EFA was performed sequentially a total of five times until none of the items factored less than .50 and there were no cross-loadings. In the first to the fifth step, four items were deleted, due to each factoring less than .50. No cross-loading was found in this phase, resulting in 61 remaining items that met the specified criteria.

The results obtained for descriptive statistics, EFA, and internal consistency (Cronbach's α coefficient) are summarized in [Table 3](#pone.0172859.t003){ref-type="table"}. The nine extracted factors represented 72.0% of the variance in the 61 items. These were "design teaching plan for LHL," "simple and concrete teaching," "build a friendly environment," "use easy-to-use resources," "life-oriented teaching," "check for understanding," "encourage clients to ask questions," "self-designed materials to clients," and "interdisciplinary collaboration." Cronbach's alphas greater than .80 were obtained for each subscale and that of the total scale was .97.

10.1371/journal.pone.0172859.t003

###### Results of Descriptive Statistics, Exploratory Factor Analysis, and Reliability Analysis for Calibration Sample (*n* = 368).

![](pone.0172859.t003){#pone.0172859.t003g}

                                                                                                                         Factor loading                                                                                                                          
  -------------------------------------------------------------------------------------------------------- ------ ------ ---------------- ---------------- ---------------- ---------------- ---------------- ---------------- ---------------- ---------------- ----------------
  Q11 Encourage clients to demonstrate learned skills to determine their understanding                     3.84   0.78   .11              .20              .07              .08              .09              [**.73**]{.ul}   .09              .12              .06
  Q12 Ask clients to provide evidence of their health behavior                                             3.58   0.85   .21              .19              .00              .19              .05              [**.65**]{.ul}   .23              .18              .14
  Q13 Make eye contact with patients to ensure concentration                                               4.01   0.78   .08              .09              .19              .03              .15              [**.78**]{.ul}   -.01             -.01             .06
  Q14 Ask clients to restate the key points that they have learned                                         3.83   0.78   .14              .19              .12              .06              .09              [**.72**]{.ul}   .11              .09              .02
  Q15 Pay attention to questions that patients ask repeatedly                                              3.92   0.69   .11              .11              .16              .04              .08              [**.76**]{.ul}   .11              .09              .10
  Q16 Observe nonverbal (e.g., facial) expressions to determine whether the patient has understood         4.16   0.76   .06              .09              .25              .04              .25              [**.72**]{.ul}   .00              -.10             .04
  Q32 Handle the psychical barriers to conducting health behaviors for clients                             3.56   0.73   .36              .17              .15              .15              .09              .17              .17              .22              [**.63**]{.ul}
  Q33 Cooperate with other professionals to design health education plans                                  3.58   0.76   .37              .19              .16              .13              .18              .11              .07              .17              [**.65**]{.ul}
  Q34 Design audio-visual teaching materials                                                               3.23   0.92   .34              .16              .02              .28              .01              .04              .06              .44              [**.55**]{.ul}
  Q35 Have the language ability to handle different patients                                               3.61   0.81   .32              .10              .10              .10              .25              .15              .05              .13              [**.68**]{.ul}
  Q36 Cooperate with other professionals to implement behavior modification counseling                     3.54   0.91   .39              .19              .02              .22              .16              .10              .05              .25              [**.63**]{.ul}
  Q38 Design computer-based teaching aids                                                                  3.18   0.90   .32              .19              .09              .18              .01              .09              -.01             [**.67**]{.ul}   .24
  Q39 Design health education flyers with less than 20% text                                               3.33   0.87   .39              .09              .19              .15              .13              .14              .04              [**.65**]{.ul}   .13
  Q40 Apply appropriate education theories in the curriculum                                               3.28   0.81   .49              .13              .21              .15              .23              .09              .11              [**.52**]{.ul}   .18
  Q41 Establish a personal profile of teaching materials                                                   3.17   0.90   .48              .11              .13              .19              .11              .06              .04              [**.62**]{.ul}   .20
  Q42 Design a teaching plan for multicultural populations                                                 2.75   0.99   .48              .00              .00              .23              .05              .04              .19              [**.62**]{.ul}   .10
  Q43 Design education materials for the illiterate                                                        2.99   0.99   .43              .02              -.01             .23              .13              .09              .17              [**.62**]{.ul}   .15
  Q44 Determine the right teaching time for various clients                                                3.36   0.85   [**.62**]{.ul}   .18              .20              .13              .20              .21              .07              .30              .18
  Q45 Determine potential education barriers based on patient characteristics                              3.40   0.77   [**.67**]{.ul}   .19              .18              .12              .20              .13              .10              .23              .21
  Q46 Apply appropriate tools to assess patient health literacy levels                                     3.37   0.82   [**.73**]{.ul}   .14              .15              .15              .19              .12              .15              .21              .23
  Q47 Conduct health assessments by collecting factors at personal, organizational, and community levels   3.31   0.84   [**.73**]{.ul}   .20              .14              .16              .14              .08              .16              .21              .17
  Q48 Identify the classical attributes of low health literacy prior to teaching                           3.39   0.83   [**.74**]{.ul}   .17              .14              .13              .16              .13              .11              .22              .12
  Q49 Build up the right evaluation criteria for health literacy practice                                  3.35   0.79   [**.77**]{.ul}   .24              .18              .19              .16              .08              .11              .17              .12
  Q50 Conduct appropriate evaluations to demonstrate the effectiveness of health literacy practice         3.36   0.80   [**.79**]{.ul}   .18              .16              .18              .16              .08              .17              .15              .17
  Q51 Modify education plans to fit patients' problems                                                     3.45   0.80   [**.79**]{.ul}   .21              .23              .15              .16              .11              .08              .11              .13
  Q52 Illustrate the appropriate effectiveness of teaching based on health literacy                        3.40   0.80   [**.79**]{.ul}   .18              .18              .20              .15              .13              .15              .11              .16
  Q53 Limit curricula to two or three new topics                                                           3.38   0.80   [**.79**]{.ul}   .15              .14              .22              .11              .13              .12              .15              .09
  Q54 Design various evaluation approaches according to clients' health literacy levels                    3.33   0.89   [**.74**]{.ul}   .18              .17              .25              .13              .10              .13              .14              .11
  Q55 Use plain language instead of medical jargon                                                         4.03   0.73   .17              .32              .26              -.02             [**.58**]{.ul}   .13              -.05             .13              .06
  Q57 Use metaphors to explain the disease to clients                                                      3.82   0.73   .23              .23              .11              .09              [**.66**]{.ul}   .23              .22              .14              .07
  Q58 Use life-oriented examples to explain the care that patients need                                    3.95   0.71   .24              .27              .15              .09              [**.76**]{.ul}   .18              .08              .12              .12
  Q59 Teach using a language that the client understands                                                   4.05   0.72   .20              .21              .32              .01              [**.74**]{.ul}   .13              -.02             -.04             .12
  Q60 Use materials available to educate the patient                                                       3.96   0.73   .23              .25              .23              .02              [**.71**]{.ul}   .14              .17              .03              .11
  Q61 Connect new learning with previous experiences                                                       3.77   0.73   .24              .25              .15              .04              [**.62**]{.ul}   .13              .23              .15              .19
  Q64 Teach repeatedly when clients cannot understand the teaching content                                 3.89   0.73   .23              [**.54**]{.ul}   .29              .04              .32              .25              .13              .05              .04
  Q66 Use the demonstrate-do technique                                                                     3.95   0.77   .16              [**.64**]{.ul}   .12              .16              .19              .23              .14              .08              .03
  Q67 Provide health education materials and encourage clients to discuss them with their families         3.90   0.78   .16              [**.63**]{.ul}   .29              .07              .18              .17              .16              .11              .14
  Q68 Provide health education materials with "Questions & Answers"                                        3.88   0.80   .26              [**.68**]{.ul}   .27              .07              .08              .04              .13              .03              .14
  Q69 Use simple words to explain care plans and related treatment                                         3.85   0.77   .18              [**.71**]{.ul}   .26              .10              .29              .12              .16              .07              .14
  Q70 Base decisions regarding teaching focus on treatment progress                                        3.76   0.77   .21              [**.68**]{.ul}   .24              .23              .26              .14              .10              .12              .11
  Q71 Summarize the key points of teaching at the end of the interview                                     3.68   0.82   .17              [**.60**]{.ul}   .22              .32              .26              .19              .08              .17              .07
  Q72 Instruct how to do rather than explaining the disease or condition                                   3.69   0.80   .26              [**.60**]{.ul}   .26              .31              .15              .18              .08              .03              .15
  Q73 Use pictorial methods, rather than words, to emphasize importance of issues for clients              3.40   0.98   .29              .40              .04              [**.62**]{.ul}   .11              .11              .22              .08              .09
  Q74 Provide self-designed sticks to allow clients to mark their records                                  3.01   1.05   .22              .17              .08              [**.81**]{.ul}   -.01             .07              .20              .12              .08
  Q75 Use the one-by-one method and pictorial image material                                               3.11   1.10   .24              .17              .15              [**.80**]{.ul}   .02              .08              .17              .09              .13
  Q76 Prepare teaching materials or teaching aids in health education                                      2.96   1.08   .24              .15              .18              [**.82**]{.ul}   .06              .06              .15              .12              .10
  Q77 Use media to benefit teaching outcomes                                                               2.96   1.07   .21              .07              .17              [**.78**]{.ul}   .04              .03              .23              .18              .11
  Q78 Use online or Internet teaching                                                                      2.93   1.10   .20              .03              .23              [**.75**]{.ul}   .02              .09              .18              .23              .09
  Q79 Consider disobedient behavior to be temperate coping behavior                                        3.42   0.86   .20              .07              [**.56**]{.ul}   .43              .15              .20              .13              .13              .10
  Q80 Offer more encouragement to patients and illiterate clients                                          3.78   0.82   .18              .23              [**.66**]{.ul}   .22              .24              .16              .03              .08              .18
  Q81 Understand clients' disobedient behaviors                                                            3.75   0.81   .20              .25              [**.64**]{.ul}   .22              .24              .16              .09              .10              .15
  Q82 Invite caregivers to participate in the teaching plan                                                3.82   0.83   .20              .41              [**.60**]{.ul}   .16              .14              .16              .14              .13              .18
  Q83 Encourage clients and their families and clarify unclear parts of teaching via telephone             3.74   0.91   .25              .24              [**.65**]{.ul}   .13              .09              .13              .29              .03              .02
  Q84 Present oneself to clients as a resource                                                             3.75   0.84   .21              .30              [**.60**]{.ul}   .25              .12              .14              .25              .13              .04
  Q85 Create an environment of mutual trust                                                                3.88   0.80   .24              .32              [**.63**]{.ul}   .16              .23              .19              .24              .05              .03
  Q87 Create an embarrassment-free environment                                                             3.86   0.83   .17              .29              [**.67**]{.ul}   .12              .21              .18              .21              .11              .00
  Q89 Encourage clients to take notes during interviews                                                    3.51   1.01   .19              .22              .26              .29              .07              .08              [**.67**]{.ul}   .06              .03
  Q90 Teach clients to ask, "What is my main problem?"                                                     3.42   1.02   .19              .21              .22              .34              .10              .13              [**.77**]{.ul}   .11              .07
  Q91 Teach clients to ask, "What do I need to do?"                                                        3.48   0.97   .20              .14              .23              .30              .11              .15              [**.81**]{.ul}   .08              .09
  Q92 Teach clients to ask, "What can I do to help my body?"                                               3.49   0.95   .24              .13              .22              .30              .14              .12              [**.80**]{.ul}   .06              .09
  Q93 Encourage clients to talk about what doctors say to them                                             3.69   0.88   .17              .30              .38              .15              .25              .19              [**.56**]{.ul}   .12              .10
  Eigenvalue                                                                                               9.6    5.9    5.5              5.5              4.4              4.3              3.9              3.5              2.9                               
  Variance explained (%)                                                                                   15.2   9.4    8.7              8.7              7.0              6.8              6.2              5.6              4.5                               
  Cumulative variance (%)                                                                                  15.2   24.6   33.2             41.9             48.9             55.7             61.9             67.5             72.0                              
  Cronbach's alpha                                                                                         .97    .93    .93              .94              .91              .88              .94              .91              .89                               

*Note*. *SD* = Standard deviation

### CFA results for the validation sample {#sec014}

As shown in [Table 4](#pone.0172859.t004){ref-type="table"}, the result of the initial 61-item CFA revealed that none of the model fit indices met the criteria, with two exceptions, PNFI and PCFI. This indicated that the CFA model had to be modified. In the process of model modification, a total of 21 items were deleted sequentially (one by one) due to measuring constructs similar to those measured by other items. After the removal of 21 items, most of the model fit indices were acceptable, except for the GFI and the AGFI. Finally, the model fit indices of the modified model were generally acceptable, such that χ^2^/*df* = 1.90, NNFI = .94, CFI = .94, SRMR = .048, and RMSEA = .049 (see [Table 4](#pone.0172859.t004){ref-type="table"}).

10.1371/journal.pone.0172859.t004

###### Model Fit Indices of the Proposed Confirmatory Factor Analysis for Validation Sample (*n* = 368).
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  Global model fit                        Acceptable criteria   Initial model (61 items)   Modified model (40 items)
  --------------------------------------- --------------------- -------------------------- ---------------------------
  Absolute fit index                                                                       
      Likelihood-ratio χ^2^ (*p*-value)   *p* ≧ .05             4324.13 (\< .001)          1334.94 (\< .001)
      GFI                                 ≧ .90                 .72                        .85
      AGFI                                ≧ .90                 .69                        .82
      SRMR                                ≦ .05                 .061                       .048
      RMSEA                               ≦ .05                 .060                       .049
  Relative fit index                                                                       
      NFI                                 ≧ .90                 .82                        .90
      NNFI                                ≧ .90                 .88                        .94
      CFI                                 ≧ .90                 .89                        .95
  Parsimony fit index                                                                      
      PNFI                                ≧ .50                 .78                        .81
      PCFI                                ≧ .50                 .84                        .86
      Likelihood-ratio χ^2^/*df*          ≦ 2                   2.33                       1.90

*Note*. GFI = goodness fit index, AGFI = adjusted goodness fit index, SRMR = standardized root mean square residual, RMSEA = root mean square error of approximation, NFI = normed fit index, NNFI = non-normed fit index, CFI = comparative fit index, PNFI = parsimony normed fit index, PCFI = parsimony comparative fit index, *df* = degree of freedom.

As [Table 5](#pone.0172859.t005){ref-type="table"} illustrates, all standardised factor loadings exceeded the threshold of .50 and the AVE of each construct ranged from .58 to .82, which indicated excellent convergent validity. The construct reliability of all the constructs was greater than .70, which indicated acceptable convergent reliability.

10.1371/journal.pone.0172859.t005

###### Factor Loading, Convergent Reliability and Convergent Validity of Confirmatory Factor Analysis for the Validation Sample (*n* = 368).
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  Construct/Item                                                 Mean       *SD*   λ     *R*^2^   CR        AVE
  -------------------------------------------------------------- ---------- ------ ----- -------- --------- ---------
  **Factor 1 Design teaching plan for LHL**                      **3.34**                         .96       .72
      Q44                                                        3.29       0.88   .76   .58                
      Q46                                                        3.35       0.84   .85   .72                
      Q48                                                        3.32       0.84   .87   .75                
      Q49                                                        3.30       0.84   .90   .80                
      Q51                                                        3.43       0.83   .88   .78                
      Q53                                                        3.38       0.86   .86   .73                
      Q54                                                        3.34       0.88   .83   .70                
  **Factor 2 Simple and practical teaching**                     **3.83**                         .92       .65
      Q64                                                        3.88       0.74   .81   .66                
      Q66                                                        3.92       0.81   .74   .54                
      Q69                                                        3.86       0.74   .79   .63                
      Q71                                                        3.76       0.78   .84   .71                
      Q72                                                        3.75       0.79   .84   .71                
  **Factor 3 Building a friendly environment**                   **3.84**                         .89       .64
      Q81                                                        3.76       0.77   .81   .65                
      Q82                                                        3.82       0.78   .80   .63                
      Q85                                                        3.89       0.76   .84   .70                
      Q87                                                        3.87       0.86   .75   .56                
  **Factor 4 Design of easy-to-use materials**                   **3.05**                         .91       .73
      Q74                                                        3.12       1.07   .87   .75                
      Q75                                                        3.15       1.07   .86   .74                
      Q76                                                        2.99       1.08   .89   .80                
      Q78                                                        2.95       1.13   .79   .62                
  **Factor 5 Life-oriented teaching**                            **3.99**                         .89       .59
      Q55                                                        4.08       0.69   .70   .49                
      Q58                                                        4.00       0.73   .83   .69                
      Q59                                                        4.08       0.71   .78   .61                
      Q61                                                        3.81       0.77   .78   .61                
  **Factor 6 Checking for understanding**                        **3.95**                         .87       .58
      Q11                                                        3.87       0.73   .69   .48                
      Q13                                                        3.99       0.80   .77   .60                
      Q14                                                        3.85       0.81   .76   .57                
      Q15                                                        3.93       0.75   .83   .69                
      Q16                                                        4.12       0.76   .76   .58                
  **Factor 7 Encouraging questions**                             **3.50**                         .95       .82
      Q90                                                        3.41       0.98   .95   .89                
      Q91                                                        3.48       0.95   .97   .93                
      Q92                                                        3.48       0.96   .92   .85                
      Q93                                                        3.63       0.90   .78   .61                
  **Factor 8 Self-designed low literacy materials to clients**   **3.19**                         .92       .66
      Q38                                                        3.20       0.96   .76   .58                
      Q39                                                        3.32       0.92   .83   .69                
      Q41                                                        3.20       0.91   .86   .75                
      Q43                                                        3.02       0.98   .79   .63                
  **Factor 9 Interdisciplinary collaboration**                   **3.44**                         **.87**   **.67**
      Q33                                                        3.57       0.81   .82   .67                
      Q34                                                        3.24       0.94   .79   .62                
      Q36                                                        3.51       0.85   .86   .73                

*Note*: λ = standardized factor loading, *R*^2^ = reliability of item (also called square multiple correlation, SMC), CR = construct (component/composite) reliability, AVE = average variance extraction, all factor loadings were statistically significant at *p* \< .001.

As shown in [Table 6](#pone.0172859.t006){ref-type="table"}, the majority of square roots of the AVE of each construct (values in the diagonal elements) were greater than the corresponding inter-construct correlations (values below the diagonal). This suggested that the result supported the discriminant validity of the IOHLC.

10.1371/journal.pone.0172859.t006

###### Discriminant Validity Among Latent Variables of Confirmatory Factor Analysis for the Validation Sample (*n* = 368).
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  Construct   1                2                3                4                5                6                7                8                9
  ----------- ---------------- ---------------- ---------------- ---------------- ---------------- ---------------- ---------------- ---------------- ----------------
  Factor 1    [**.85**]{.ul}                                                                                                                          
  Factor 2    .57              [**.80**]{.ul}                                                                                                         
  Factor 3    .56              .82              [**.80**]{.ul}                                                                                        
  Factor 4    .61              .59              .50              [**.85**]{.ul}                                                                       
  Factor 5    .56              .82              .74              .41              [**.77**]{.ul}                                                      
  Factor 6    .51              .67              .62              .30              .65              [**.76**]{.ul}                                     
  Factor 7    .56              .61              .70              .68              .54              .40              [**.91**]{.ul}                    
  Factor 8    .88              .46              .44              .65              .41              .45              .51              [**.81**]{.ul}   
  Factor 9    .84              .49              .47              .56              .50              .53              .49              .88              [**.82**]{.ul}

*Note*. The value in diagonal element is the square root of AVE of each construct; all correlation coefficients were statistically significant at *p* \< .001.

Discussion {#sec015}
==========

Internal consistency reliability {#sec016}
--------------------------------

The findings of this study showed that the IOHLC meets internal consistency reliability standards. After calibration for validation, the final version of the 49-item health literacy competencies also revealed acceptable internal reliability, with Cronbach's alpha \> .80.

Psychometric properties of the instrument of health literacy competence {#sec017}
-----------------------------------------------------------------------

In this study, we used the Rasch model and two-stage factor analysis to verify the knowledge dimension and the skill dimension of the IOHLC. The IOHLC, which consisted of 9 knowledge items and 40 skill items making up 9 dimensions, was verified as having good convergent validity, explaining 72% of total variance. Therefore, this scale has a good theoretical basis and can be used to design courses to train professionals in health literacy.

The number of items in existing instruments measuring health literacy knowledge for health professionals ranges from 6 to 29; these items pertain to health literacy knowledge in general, and specifically to disadvantageous factors for vulnerable populations, prevalence of LHL, and consequences for various countries \[[@pone.0172859.ref027]--[@pone.0172859.ref028]\]. As knowledge and skills were measured in different domains, we adopted Rasch analysis, which entailed examining the adequacy of the 27 items in the knowledge domain, based on difficulty and item goodness-of-fit statistics (*p* \> .05). However, no tools for health literacy competencies have been verified through IRT. There were limited opportunities for the comparison of the current results with others.

This study validated the IOHLC with 40 skill items related to patient education. According to Schulz and Nakamoto \[[@pone.0172859.ref029]\], the concepts, health literacy practices, and communication skills are difficult to distinguish. Literature positioning health literacy as communication skills considered health literacy practices as written and oral communication \[[@pone.0172859.ref030]\]. This study did not follow the categorization in the majority of previous studies on health literacy skills, and did not develop items based solely on the communication level.

Conversely, this study combined interview results relating to practices within patient education planning to inform categorization. This is an important contribution by this study in relation to the identification of health literacy competencies. The scale developed in this study is aimed at assessing the health literacy competencies of professionals, and professionals are expected to improve clients' health literacy through patient education. Since health literacy is not only about communication skills, health literacy competencies should also include assessment and confirmation of comprehension \[[@pone.0172859.ref029]\]. Among the nine factors in this study, five were related to communication, while the other four included a supportive environment and assessment and confirmation of patient comprehension, which were also mentioned in literature \[[@pone.0172859.ref030]\]. In our scale, these concepts were operationalized into measurable items, to enable comprehensive representation of the health literacy competencies of health professionals.

Coleman et al. \[[@pone.0172859.ref012]\] initially identified a set of health literacy practices and educational competencies. The current study collected a wide range of items from literature and interviews results pertaining to the concept of health literacy. The scale consisted of 65 skill items before elimination, which were slightly more than the 59 items by Coleman (27 skill items + 32 practice items). The greatest difference between this study and that by Coleman et al. is that the latter divided health literacy competencies into potential educational competencies and potential practices. Although some items in this study included similar skill or practice items, the nine factors pertaining to skill items in this study were based on patient education planning. These skill items can be used as indices of learning competencies.

In terms of contributions to future application, not only can this scale be used comprehensively for regular assessment of health professionals' health literacy competencies, but it can also be used to design health literacy training through the incorporation of contents into education goals. Unlike procedures in tools of health literacy practices, education, or competencies, this study adopted procedures that are similar to those in most scale construction research. However, the validation in this study may be used to inform inferences about the reliability and validity of tools relating to health literacy knowledge and skills mentioned in literature and used in practice.

The descriptive results of the IOHLC {#sec018}
------------------------------------

The items established in this study were similar to those in other studies. However, items that were scored differently yielded different results. In terms of acceptable scores on knowledge items, lower scores were obtained for "assessment of health literacy" and "extra support for patients with LHL." Higher scores were obtained on items relating to the definition of health literacy and risk factors of LHL. This is similar to the results of a study conducted by Jukkala et al. \[[@pone.0172859.ref014]\] on the health literacy knowledge of professionals, wherein lower scores were obtained for LHL outcomes and assistance needed.

Among the skills, lower scores were obtained on items related to designing educational materials, such as educational materials for LHL, educational materials applicable to different groups, and Internet and multimedia educational materials. This is similar to the results of Cafiero's \[[@pone.0172859.ref018]\] study on nurses, whereby audio-visual and computer-aided teaching tools were applied less frequently. This is also similar to the research results obtained in Howard, Jacobson, and Kripalani's \[[@pone.0172859.ref031]\] study on physicians and in Mackert's \[[@pone.0172859.ref032]\] study on pharmacists, wherein the application of drawing visual aids in LHL educational materials was relatively low. Schlichting et al. \[[@pone.0172859.ref033]\] found that providing LHL educational materials was a skill that was not frequently applied by physicians, nurse practitioners, dentists, and dental hygienists. Since the measurement methods and goals were not completely identical to those in previous studies, we could not determine whether the different results were due to differences in health literacy competencies. To ascertain this, future studies should further measure different health professionals' health literacy competencies, using the IOHLC-PE.

Limitations {#sec019}
-----------

This study continued research on the health literacy competencies of professionals, which were determined by consensus through the Delphi method. Then, IRT and two-stage factor analysis were employed to verify health literacy competence tools for professionals, which were oriented towards patient health education. There are no similar existing studies, as previous studies on health literacy competency were more dispersed and did not have a consistent framework for reference. Although this study developed the first structural tool for health literacy competency, it still has limitations relating to professional groups used, the sampling method, and language.

First, this study selected health professionals who are not medical doctors in Taiwan, used hospitals as the sampling unit, due to the limitations of time and resources, and questionnaires were recovered from nursing professionals, mostly. Thus, the health literacy competencies reflected in the results may be limited in their application to other professional groups. Secondly, due to convenience sampling, only hospitals in the southern and northern regions of Taiwan were included, and remote areas were not covered. Thus, the results cannot be generalized to different levels of hospitals and in different regions. Finally, the original scale developed in this study is in Chinese, and the items on health literacy competencies were developed based on practice content. Although it was validated through factor analysis after being translated into English and fitting the hypothesis, this scale may only be applicable to Chinese-speaking professionals.

Conclusions {#sec020}
===========

The tool in this study is the first to validate health literacy competencies in a rigorous way. Through factor analysis and IRT, 92 items were simplified into the 49-item IOHLC that is orientated toward patient education and has construct validity, including the knowledge level and 9 sub-dimensional skill domains. It provides future Chinese-speaking professionals with a framework and guidance for designing health literacy courses.

Practice implications {#sec021}
---------------------

Chinese society only recently embarked on health literacy research. Because LHL has an increasingly important influence on health, the education and training of professionals has to keep abreast with developments. The reliable and valid IOHLC may serve as a reference for theoretical and in-service training on health literacy competencies, with courses designed based on the scale's framework. Directors of medical institutions can also use this tool to regularly assess the health literacy competencies of professionals, so as to ensure the quality of health care provided. Health literacy is closely related to patient education. Because actual practices of different healthcare professionals may differ, we recommend that future studies investigate different groups, in order to analyze the performance of this scale with use on different patient education professionals.
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